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LONGITlTDINAL WING LOCATION AMD VARYING BODY SIZE 

ON THE 1-CE CHAIiAcTERISTICS 

O F  A 45O EMEFTBACK WING 

By Donala L. L w i n g  

SUMMARY 

The effects  of  longitudfnal  location  of  the wing and vaxying body 
size on the interference  characteristics  of a 45O sweptback wing have 
been  investigated  over a Mach nmber range  from 0.60 to 1 .13  at  angles 
of  attack  of Oo, 2O, bo, Ssd 7" in the  Langley 8-f bot  transonic  tunnel. 
The wing had an aspect  ratio of 4, a taper  ratio  of 0.6, and NACA 65~006 
airfoil.  sections. The w i n g  WES investigate-d at two longitudinal loca- 
tions, 4 inches  apart, on a.  body. Also, the wing  was investigated on 
two differently  sized  bodies, one approximately 10 percent  larger than 

'L the  other. 

I 
The  results  obtained  indicated  that  the  zero-lift drag of the  wing 

with  interference in the  forward  position was lower  throughout the Mach 

tion.  The  transonic  drag  rise of the w i n g  with  interference  for  lift 
coefficients  up  to 0.4 was reduced up to a Mach nmber of  approximately 
1 .OO by movLng the wing to the  forward  position.  Lift &nd pitching- 
moment  characteristics  were  not  severely  affected  by a change in loca- 
tion  of  the  wing  for  the  test  angle-of-attack  range. The increase in 
body  size  decreased  the  zero-lift drag rise  of  'the w i n g  Gith  interference 
frop 30 to 50 percent in the  transonic  range and increased  the  average 
slope of the  lift  curve. The pitching-moment  characteristics of t@e wing 
with  interference  were  not  severely  effected  by  the  change in body  size. 

- number  ra,nge  than  for the wing with  interference i n  the rearyard posi- 

1 As part of a: systematic  wing-body  interference  investigation  at 
transonic  speeds,  the  first  phases  of  whfch have been  reported in 

& 
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references 1 and 2, additional  tests have been m a d e  to determine the 
effect on w i n g  with  interference  characteristics  of  two  longit- 
positions of a 45O sweptback wing on a body. Other  tests have been made 
to  investigate-the  effect on wing with  interference  chazacteristics of 
increasing  the size of the body in  combination  with  the 4-5' sweptback 
uing. These two groups of  tests  which are- repoeed herein  were  con- 
ducted  at  Mach  nmibers  from 0.6 to 1 .X3 at  angles  opattack of Oo, 2O, 
40, and 7 in the  Langley  8-foot  transonic  tunnel. 

The effect  of  1ongLtudinal  position of the w i n g  on a body has been 
investigated and reported  for  another  configuration in reference 3.  
These  results  are  not included herein  however,  because a direct  compari- 
son of  the  two  sets  of  data  could  not  be made. The  bodies w e d  and the 
wing positions t e s t e d  i n  the two investigations  were  different. In the 
present-investigation  the wing was moved forward instead  of  rearward as 
was the  case  for  the  investigation  reported in reference 3 .  

In the  present  report,  particular  attention will be given the  effects 
of wing-body interference on the  aerodynamic  characteristics of the wing 
in  the  transonic  Mach  number  range,  since  references 1 and 2 indicate 
these  effects  are  most  pronounced. in this  speed  range. 
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CI 

%&x maximum body diameter 

e L - lift 

2 body length 

M Mach  number 

9 dynaanic pressure, - PV2 
2 

R Remolds nuniber, based on F 

r body radlus .a t   s ta t ion x 

. S wing area 

V free-stream  velocity 

X . .  longitudinal  distance from nose of bo&y 

a angle of attack 

” P free-stream  density 

8 CONFIGURATIONS AND ME;THODS 

The wing of this investigation had Go of  sweepback of the 0.25 chard 
line,  aspect r a t i o  4, taper  ratio 0.6, and NPLCA 654006 airfoil sections 
parallel   to  the plane of symmetry and has beep described in reference 4. 
This w b g   w a s  mounted i n  a m i d w i n g  position on bodfes developed from the 
basic body of revolution as sham i n  reference 2. .The wing constructed 
of aluminum was tested in  forward and rearward  positions on a body charac- 
terized by a curved  forebody, cylindrical midsection, and curved after- 
body and has been ccsnpletely described as body 3 i n  reference 2. The 
ordinates of this body are given i n  table I. The F/4 f o r  the w i n g  i n  
the rearward position was i n  the plane of the af te r  limit of the cyUn- 
drical  midsection, 26.67 inches from the nose of the body. The w i n g  in 

position. (See f ig .  1.) TIIS ra t io  of the maximum cross-sectiond  area 
of the body t o  w i n g  plan-form area was 0.0606 to 1. 

1 the forward position was located 4 inches forward of the rearward wing 

5 - 
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The 45O sweptback  wing also was tested i n  canibination with two dif- 
ferent body sizes (see -fig. 2 )  whlch are  refekred  to  as the large and 
small bodies. The saie aluminum wing employed. in the  investigation of---- 
the forward and rearward wing positions was used with the small body. 
A steel  wing, identical i n . a l l  other  respects tu the aluminum wing, was 
used with the large body. The small body had a curved forebody and a 
cylindrical  afterbody which extended frm a position just ahead of the 
leading edge of the w i n g  rearward t o  the base of the m o d e l .  T h i s  body 
has been completely  described as body D . i n  reference 2. The ordinates 
of this body are given in   table  I. . The large- body also bad a curved 
forebody and &. cylindrical afterbod$. The diameter of .the  large body 
w a s  1.125 times greater.  than f o r  the small body  &nd the forebody shape 

described i n  reference 1; the ordinates  are  given in  table I. The quarter 
chord of the mean aerodynamic  chord of the wing was located  at-approxi- 
mately the same percent of body length  as  for  the- small bow. The ratio 
of the maximum cross-sectional  area of the large body to w i n g  area was I 

' was the seme as for  the small body. This large body has been completely 

0.0767 tcr 1. 

The surface of the model was maintained in a -0th condition 
throughoutthe  investigation.  Details of the  location of the model in 
the  tunnel  are  presented in figure 3 .  The models w e r e  sting-supported 
in  the manner shown in  f igure 3 and described in  reference 2.  Figure 4 
shows two photographs of the model installed i n  the test section. 

Measurements 

Forces and mments were measured by means of electricaJ.strain-gage 
type of.balances. The accuracy of the w i n g  w i t h  interference data obtained 
from the  strain-gage nieasurements of the various models tested is sham 
in table II. 

Angles of attack were measured with the use of a cathetmeter and 
an electrical  strain-gage unit mounted in the nose of the model (see 
ref; 5) and are considered .correct t o  within k0.1'. 

c. 

i 

The s ta t ic  pressure a t  the'rear  of--the models  was obtalned frm 
pressure orifices  located in  the top and  bottom of the-sting support-in 
the plane of the model.base. All data presented have been adjusted for 
model base drag, the coefficients having been adjusted t o  a condition 
at which the base pressure is equal to  the free-stream s ta t ic  pressure; 
therefore, the results do not include drag due to the base of the model. 
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FESULTS AND DISCUSSION 

Presentation  of  Results 

The average  Reynolds  nunber  for  these  tests  covered  the  range *can 
1.75 x 10 6 to 2.11 x 10 6 as shown  in  figure 5. Theee  values  are  .based 
on a mean  -aerodynamic  chord  length of 6.125 inches.  The  data  herein  are 
presented  in terms of the w i n g  with  --body  interference:  These  data 
were  obtained  by  subtracting  the  body-alone data from similar wing-body- 
combination data and hclude the  interference  effect  of  the wing on the 
body  as'well  as  the  interference  effect of the'body on the wing. 

The  axial  d5velopment  of  cross-sectional  area  for  the  cmponents 
and  c6mbinations  used hi the  investigation  of  the.- in the  forward 
and  rearward  positions grt the body is shown in figure 6 .  The win@; with 
interference data, for  the  investdgation  of  the win@; in  the f o m d  and 
rearward  positions  are  presented in figures 7(s), 7(b) , and  7(c) in the 
form of  angle  of  attack,  drag  coefficient, and pitching-moment  coefficient 
against  lift  coefficient,  respectively. Data for  the  wing in the  rearward . 

position and data  .for  the  body alone previously have been  reported in 
reference 2. The analysis  plots for t k  forward  ahd  rearward King posi- 
tions  are shown as  figures 8 to U. 

The  wing  with  interference data for  the  inveetigation  involving  the 
two different  body  sizes  are  presented In figure 12. T h e  results  for  the 

in reference 2. The results  for  the wing on  the  iarge body are  Shawn in 
reference 6 and  the  results  for  the large b o Q  alone m y  be  found in refer- 

with  interference f r o m  the  two  bodies are presented as figures 1 3  to 16. 

n wing on the small body and for  the small body alone have  been  presented 

i ence 5. Analysis  plots of the  aerodynamic  characteristics  of  the KLng 
. .  

Effect  of  Wing  Location 

Lift.-  The  variation  of  the  average  lift-curve  slope with Mach nmiber, 
as sham in figure 8, indicates  that, within the  accuracy  of  the  tests, 
the Ilft results  were  essentially  the sane for  the w i n g  in the  forward 
and  rearward  positions on the body. . .  

Drag. - The  most d k t  feature  of locatiw the  sweptback wing for- 
w&rd:on  the  body  was  the  reduction  of  the  adverse -drag rise  which  occurs 
up  to a Mach nmber of 1.00 for  lift  coefficients  up to 0.4 (fig. 9). The 
drag rise  is  defined  as  that  increase in drag which  occurs  with  the  onset 
of  shock  formation  and  associated  flaw  separation as Mach  number  is 

for  the w i n g  rearyard  at a Uft coefficient  of 0, and 30 percent  less  at 
m increased. The drag  rise  for  the  ying  forward wad 15 percent  less  than 

0 



6 I" NACA RM ~52~16 

a lift  coefficient  of 0.2. These  reductions  might  be  expected on the 
basis  of  the--less  rapid  rate of change  of  crose-sectional  area  over  the 
rear  portion  of  the  combination  wikh  the w i n g  forward  as  compared  with 
that  for  the  combination  wfth thewing rearward.  (See  fig. 6 . )  As 
pointed  out in reference i, a reduction  in  rate of change in cross 
sectional  area of a particular  configuration  results In  reduced  induced 
velocities and adverse  gradients  which  lead  to  weaker  drag-producing 
shocks  in  the  field of flaw opthe configuration..  At  Mach numbers above 
1.05- the total drag-  rise  for  the  two  cases  appears  to  be  the same within 
the  accuracy oethe investigation. 

a 

The  decrease  in  zero-lift  drag  coefficient  associated  with  the wing 
' forward  at  subsonic  Mach  numbers  is  identical to the  trend shown by  the 

comparison.of the drag coefficients  for the wing in the  presence  of 
bodies A and B in reference 2. In thls  reference,  it  is shown that,  at 
a lift  coefficient of zero,  the  absolute drag of  the wing nearer the 
nose  of  the  body  was  the  lesser, &s in the  present cme. This  agreement 
suggests  that  the drag differences are due  to  the  relation  of the w i n g  
to the forebody.  .At  the  lifting  conditions,  the  values of drag coef- 
ficient are shown to be 5lightly higher for  the  forward wing at  subsonic 
spee.ds. 

A camparison of the maximmu lift=drag ratios for  the two configura- 
tions  (fig. 10) indicates  that, i n  the  subsonic.  range  up to a Mach  number 
of 0.95, higher. valu&~ were.:  obtained  for  .the wing rearward. In the tran- 
sonic  range  the maximum lift-drag  ratios  for  the two configurations  are 
about  the same. The lift  coefficient  for maximum lift-drag  ratio was 
less  for  the w3ng forward  than  for  the wing rearward  throughout  the  test . n 

Mach  number  -.raiqe. . - .  " 
. . . . . . - . .  . .  . . .  . . .  . 

Pitching  moment.- The variation  of  pitching-moment  coefficient  with b 
- 

lift  coefficient  appears  to  be  more  Idnear  for the wing in the  forward 
position than rearward.for  Mach nmbers from 0.9 to 1.13 (fig.  7(c)). 

aeromc-center location  referred  to ~ / 4  (positive val-ues. of  average 
acm/acL forward  of ~ / 4 )  is shown in figure. U.  he trenL.of aero-c- 
center  location  with  Mach-nmiber  for  the two cases  is  essentially  the same. 
(see  fig. u.) 

- The  interference  effect  of  forward and rearward wing position on the 

It is believed  that  the  pitch-up  characteristics of the wing with 
interference should not be si@;nifi.cantly  altered  by the change in longi- 
tudinal  location  of  the  wing.  Pitching-rncmtiht  results  presented in 
reference 2 serve as a-bitsis for  this  assumption.. In  reference-2,  it 
is sham' that-a change i n  body length  equivalent td moving the  leadFng 
edge.of  the wing 6.67 inches-nearer  the nose of the body had  little  effect 
on the  pitch-up  characteristics of the wing with  interference. 
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" Effect of Body Size - 
a An examination of the  results  presented in reference 7 le& t o  the 

conclusion that any differences Fn bending between the aldnrrm. and 
s teel  w3ngs of this investigation would not have any effect on the l i f t  
and drag characteristics of the wing wlth  interference up t o  the highest 
angle of attack, 7O, tested. It is indicated KLso that the p i t c w -  
moment characteristics of the wing-with interference would be affected 
because of the  difference in m a t  of twist between the aldnum and 
s teel  wings  under load. 

- Lift.- The most noticeable-effect of increasing  the  size of the 
body  was the increase i n  average lift-curve slop= of the wfng with inter- 
ference  as shown i n  figure 13. The higher  average lift-curve  slope f o r  
the  larger body may be attr ibuted  directly  to the greater amount of 
upflow associated w i t h  the  larger body. This upflow produced greater 
l i f t  over the inboard portions of the wing i n  the presence of the large 
body. 

. .  . - 

D r a g . -  Tkbe most interesting  effect of increasing  the body size on 
the drag characteristics of the wing w i t h  interference is the marked, 
reduction i n  drag r i s e   a t  zero l i f t   i n  the  transonic range (fig. 14) . 
A t  a l i f t  coefficient of 0,and i n  the  transonic range, the drag r i se  
was from 30 t o  50 percent less than for the w i n g  with interference from 
the small body. Further discussion of this phenomenon will be delayed 
until  additional evidence can be obtained to substantiate the present 
results. The drag f o r  the l i f t i ng  conditions was greater f o r  the  large 
b d y  configuration. As a  result,  the maximinu l if t-drag  ratio fo r  the 
wing  in the presence of the  large body was less than f o r  the small body 

(f ig .  E 1. TIE uft coefficient fo r  maximtrm 1ift-ea.g ratio remained 
approxhnately the same fo r  the wing i n  the presence of either  the Large 
or mall body. 

I 

b configuration throughout the Mach nmber range of the investigation 

Pitching moment.- The values of the average slope  for  the  static 
longitudinal s tabi l i ty  curve &re shown in  f igure 16 t o  be more positive 
for  the wing w i t h  interference f o r  the sm8,l.l body t e s t  than f o r  the 
large body. Thia result, however, cannot be attributed t o  a dlfference 
in body size  but more to  a  difference i n  the material used i n  the con- 
struction of the wing f o r  the two cases. On the basis of the results : 

reported i n  reference 7, it is concluded that the  aifference in average 
slope fo r  €he static  longitudinal  stability curve is due p r b a r i l y  t o  
the  greater degree of twist of the aluminum w i n g  tested in conjunction 
w i t h  the small body than t o  the- steel  w b g  used on the  large body. The 
difference between the (&&CL) values throughout the Mach nunbey 

range for  the t w o  wings in the  present  investigation is the seme as that 
av 
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sham for -aC&CL at  CL = 0 and 0.4 for t h e  two wings investigated 
and reported in referenEe 7. The variation  with Mach number was practi- 
cally the same for  the  two  investi@;ations. 

A comparison  of the pitching-mument d a t a  for  the two wing-bow c m -  
binations  Fnvolving  the wing on the small body  (body D with conf'igura- 
tion D in  ref. 2) snd the  wing on t he  large body (wing with  cylindrical 
body in ref. 6 )  indicates  that  the  increase in body  size hsd no effect 
on the  pitch-up  characteristics of the  combination. On this  basis,  the 
pitch-up  characteristics  for  the wing with  interference  of  the  present 
investigation may be  considered to be  the s& for  both  bo.dies  tested. 

.1 

I 

CONCLUSIONS 

A transonic  wind-tunnel  investigation of the  characteristics  of a 
h-5O sweptback wing in  two  longitudinal  locations on a body and for  the 
same wing on two bodies of varying size  indicated t b  following conclusions: 

1. The zero-lift drag coefficient of the w i n g  forward  with  inter- 
ference was considerably  lower  throughout  the  Mach n W e r  range than that 
of  the wing rearward  with  interference. A reduction in the  transonic 
drag rise of the wing with  interference w&s obtained  up to a Mach  number 
of  approximately 1.00 for  the wing in the forward position  compared  with 
the rearward  position  at lift coefficients up to 0.4. At  the  test  Mach 
numbers above 1.05, little  or no difference in the  magmLtude of the drag 
rise  was  noted  for  .the two cases. * 

2. The variations of lift-curve slope and aerodynamic-center  location 
with  Mach  number  were  little  affected by a change  in  location of the  wing 
on the body. 

L 

3 .  The &verage lift-curve slope for  the wing with  interference  from 
the large body was greater  than  for  the wing with  interference  from  the 
small  body  %hroughout t k  Mach number range. 

4. The drag  rise  for  the wing with  interference  from  the large body 
at nonlifting  conditions w a s  30 to 50 percent  less  tban for the wing with 
interference f'ra the small body in the  transonic-speed  range. 

5. The pitching-m&nt  characteristics of the  wing  with  interference 
were not  severely  affected by a change in body  size. 

Langley  Aeronautical  Laboratory, 
National Advisory Canrmittee for  Aeronautics, 

Ungley Field,  Va. 
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(a) Front view. 

. 

(b) R e a r  view. 

L Figure 4. - Wing-body conbination w i t h  King . i n  rearward location i& Langley 
8-foot transonic tunnel. 
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Figure 8.- Variation of average lift-curve slbpe xith Mach number for 
the VLng with interference fur two l o n g l h d i m  positions. 
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Figure 9.- Variation of drag coefficient Kith Mach number fm the wing 
with interference for two longitudinal positions. 
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Figure 10.- Variation’of maxFmum lift;-drag ratio and lift  coefficient 
f o r  maximum lift-drag  ratio with Mach m e r  far the w i n g  with inter- 
ference f o r e t w o  longitudinal positions. 



.. . . . . . . . . . . . . . ... . .. 

.2 

0 I W 0 ~ *  
""""" 

v 
- 4 .  
' .5 .6 .7 .8 

Mach number,M 
.9 I .o 1.1 I ,2 

Flgure U.- Variation of average slope for the  s ta t ic  longitudinal s tabi l i ty  
curve with Wch number for the rLDg with Interference for two longitudinal 
pOSi-i2iOnS. 
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Figure 12.- Basic aeroaynamic characteristics o f  the w i n g  with interference 

when mounted on a small and a large body of similar shape. 
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Figure 13.- Variatlon o f  average lift-nwe slope w i t h  EIacb number for 
t h e  wing with interference when mounted on a m d l  and a large b+ 
of similar shape. 
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Plguxe 14,- Variation of drag coefficient with Mach numbex for the  wing 
wtth interference when m5unked on a small  ana a Large body of sindlar 
shape. 
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Figure 15.- Variation of msximum l if t-drag  ratio and lift coefficient 
for maximum l i f lx l rag  r a t i o  with Mach number- f o r  the wing with 
interference when mounted on a small and a Urge body of similar 
shape. 
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